Three dimensional topological insulators are novel states of quantum matter that feature spin-momentum locked helical Dirac fermions on their surfaces [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and hold promise to open new vistas in spintronics, quantum computing and fundamental physics. Experimental realization of many of the predicted topological phenomena requires finding multi-variant topological band insulators which can be multiply connected to magnetic semiconductors and superconductors [7, 8, 10, 11, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Here we present our theoretical prediction and experimental discovery of several new topological insulator classes in AB 2 X 4 (124), A 2 B 2 X 5 (225), MN 4 X 7 (147), A 2 X 2 X'(221) [A,B=Pb,Ge,Sb,Bi and M,N=Pb,Bi and X,X'=Chalcogen family]. We observe that these materials feature gaps up to about 0.35eV. Multi-variant nature allows for diverse surface dispersion tunability, Fermi surface spin-vortex or textured configurations and spin-dependent electronic interference signaling novel quantum transport processes on the surfaces of these materials. Our discovery also provides several new platforms to search for topological-superconductivity in these exotic materials.
The crystal structures of AB 2 X 4 , A 2 B 2 X 5 , and MN 4 X 7 are composed of X layers forming a cubic close packing, with a fraction of octahedral interstices occupied by A and B atoms [24] (Fig.1) . The unit cell of AB 2 X 4 is formed by stacking three 7-atomic-layer-slabs in the sequence X(1)-B-X(2)-A-X(2)-B-X(1) together [24] . We present our first-principle theoretical calculations of the (111) (Fig. 4c) . Therefore, we report STS221 as the first naturally p-type topological insulator to be experimentally confirmed. Remarkably in BTS221 we observe a Fermi momentum and velocity of 0.09Å and 1.1×10 6 m/s alongΓ −M , and 0.08Å and 1.5×10 6 m/s alongΓ −K. This is nearly a factor of three larger than the Fermi velocity in any other known topological insulator.
While the spin-textured Dirac states guarantee a non-zero surface Berry's phase, warping effects observed on the surface suggest three dimensional spin-textures [26] . Spin-texture determines the detailed nature of surface charge transport, since on the topological surface spin and quasiparticle momentum are locked in relative to one another. In general, deviations from the ideal Dirac cone shape of the surface states lead to three dimensional topological spin-textures. In order to systematically analyze the surface band structure and warping of GBT124, and how it could be tuned with bulk doping, we perform a series of high resolution ARPES measurements of the constant energy contours at different binding energies (Fig.   3a, b) . The Fermi contour of GBT124 (constant energy contour at E B = 0.01eV , see Fig.   3a ) is warped, demonstrating the hexagonal warping effect [25] . When the binding energy is increased from the Fermi level, the effect of the bulk potential vanishes and the shape of the contour recovers to a circle (Fig. 3b) . Our comprehensive experimental measurements of the constant energy contours along with the spin-texture observations above will help gain key insights on the quasiparticle interference and scattering processes relevant for surface transport. These experimental realizations of topological insulators reveal rich interplay of electronic, spin, quasiparticle interference and potential ordering instabilities on the topological surface in their native
